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The chameleon mechanism appearing in massive tensor-scalar theory of gravity can effec- 
i-O tively reduce the nonminimal coupling between the scalar field and matter. This mech- 

anism is invoked to reconcile cosmological data requiring introduction of Dark Energy 
with small-scale stringent constraints on General Relativity. In this communication, we 
present constraints on this mechanism obtained by a cosmological analysis (based on 
^v^j Supernovae la data) and by a Solar System analysis (based on PPN formalism). 
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1. Introduction 



General Relativity (GR) passed all Solar System tests until now. However, cosmo- 
logical observations are not directly compatible with GR and the standard model of 
elementary particles. A way of modifying gravity at large scale without doing any 
modification at Solar System scale is achieved by the so-called chameleon mecha- 
£SJ nismlilHI This mechanism appears in tensor-scalar theories of gravity with massive 

scalars. In this communication, we explore the sensitivity of chameleon mechanism 
by constraining its parameters by cosmic acceleration on cosmological scales and 
by PPN constraints on small scales P This combined analysis will shed new light on 
the question whether modified gravity can be safely invoked to solve cosmological 
i-H problems without any contradiction on Solar System scales. 
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2. Model 

The model considered here is the one proposed by Khoury and WeltmarHH i.e. a 
tensor-scalar theory of gravitation with a runaway potential V((f>) (with c = 1): 

,2 ™2 



S = Id x^J—g 



m p 



+ S M (^ m ,A 2 (4>)g^) (1) 



where R is the scalar curvature, m p is the Planck mass (m^ = 1/G) and A(<fi) is a 
coupling function here given by A((j>) — e k< ^ (k beeing the coupling constant). The 
chosen potential is a Ratra-Peebles potentiaP V((f)) = t ^ Q , Q parametrized by two 
constants a and A. 

The action ([T]) is expressed in the so-called Einstein frame. This frame is 
useful for doing calculations but all the physical interpretations are easily done in the 
Jordan frame where matter is minimally coupled to the metric = A 2 (<fi)g fJjV ]2M 



February 27, 2013 2:7 WSPC - Proceedings Trim Size: 9.75in x 6.5in hees 



2 



Quantities expressed in Jordan frame are noted with a tilde and observables can be 
computed as in GR within this framed 

3. Cosmological constraints 

Fields equations have been derived by introducing a Friemann-Lemaitre-Robertson- 
Walker Einstein-frame metric (ds 2 = —dt 2 + a 2 d£ 2 — a 2 (—drj 2 + d£ 2 ) with rj the 
conformal time) and by replacing the Einstein frame matter density/pressure by 
the observable one (expressed in Jordan frameHED p = A 4: (4>)p, p — A A (tj))p). The 
distance-luminosity relation 

" = 25 + 51< *(3iffD (2) 

(with 77 expressed in MPc and 770 denoting the conformal time at actual epoch 
characterized by A(4>o)ao — 1) has been derived in both Einstein and Jordan frames 
to show their physical equivalenceP 

Each cosmological model is characterized by 4 parameters: the coupling constant 
k, the parameters entering in the expression of the potential a and A and the actual 
observable matter density tt m o. The value of the energy scale of the potential A is 
optimized such that for a given value of a, the input value of f2 m o is retrieved. As 
shown in Fig. [I] (a), the value of A depends mainly on the value of a. 

For the three other parameters, a likelihood analysis has been performed on Su- 
pernovae la measurements (with the UNION datasetP) . The 68 and 95 % confidence 
regions have been derived and depend on the coupling constant fcP 

4. Solar System constraints 

The static spherical solution of the field equations deriving from action ([lj repre- 
senting the Sun has been derived analytically by Khoury and WeltmarpJ and by 




(a) (b) 



Fig. 1. (a) Representation of the cosmological constraint between A and a and of the region 
allowed by the PPN constraint for different value of the coupling constant k. 

(b) Representation of the thin-shell parameter e. The different lines represent different values of 
the coupling constant and the filled areas represent different values of a between 0.5 and 3. 
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Tamaki and TsujikawaP We confirm that the underlying hypothesis used in these 
papers are correct with a comparison with numerical simulations.^ In the Solar Sys- 
tem, the key parameter is the thin-shell parameter elilHI If e > 1, the theory is 
equivalent to a Brans-Dicke theory (the potential does not play any role in the Solar 
System) and the PPN constraint!^ on 7 gives the traditional constraint k 2 < 10~ 5 . 
If e << 1, the potential plays a crucial role and the deviation from GR can be 
screened in the Solar System. In particular, the 7 PPN parameter depends explic- 
itly on the parameters entering the potential (a and A) and the PPN constraint 
can be satisfied even for high coupling constant P Regions of parameters satisfying 
the PPN constraint are represented on Fig. [I] (a) . 

5. Conclusion 

The analysis at two different scales sketched in the previous sections shows the 
chameleon mechanism can not be invoked to explain cosmic acceleration while sat- 
isfying Solar System constraints. The analysis in the (a, A) plane (presented in Fig.JT] 
(a)) shows there is no intersection between regions of parameters reproducing cos- 
mological observations and satisfying PPN constraints. Another way to reach this 
conclusion is to consider the thin-shell parameter for all models within the 68 % 
cosmological confidence region. As shown in Fig.[l](b), e >> 1 for models explaining 
SNe la data, which means the potential does not play any role in the Solar System 
and the theory is equivalent to Brans-DickeP This conclusion is only valid for the 
Ratra-Peebles potential and the exponential coupling function considered here. 
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